This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
"•"^"GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



I 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



CM 
< 

o> 

CO 

o 

Q. 
LU 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) BP 0 734 697 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 


(5i)inicie: A61F2/02, A61B 17/12, 


02.10.1996 Bulletin 1996/40 


A61M 25/01 


(21) Application number: 96302217.3 




(22) Date of filing: 29,03.1996 




(84) Designated Contracting States: 


• Thach, Cong 


AT BE CH DE DK ES Fl PR GB GR IE IT LI LU MC 


San Jose, California 95132 (US) 


NL PT SE 


• Ortiz. John 




East Palo Alto, California 94303 (US) 


(30) Priority: 30.03.1995 US 413970 






(74) Representative Nicholls. Michael John 


(71) Applicant: TARGET THERAPEUTICS. INC. 


J.A. KEMP & CO. 


Fremont, CA 94537-5120 (US) 


14, South Square 




Gray's Inn 


(72) Inventors: 


London WC1R5LX(GB) 


• Kupiecki, David 




Cupertino. California 95014 (US) 





(54) System for the implantation of liquid coils with secondary shape 



(57) An occlusive implant includes an elongated 
member having an end. a portion proximal to that end. 
and a portion distal to that end The proximal portion is 
sufficiently flexible so that it can be folded upon itself 
and maintain that configuration without further restraint. 
At least a portion of the distal portion ts preformed to 
have a first configuration when in a first state and a sec- 



ond configuration when in a second state. The distal por- 
tion second configuration has a flow resistance substan- 
tially greater than that of the proximal portion When dis- 
charged in the region to be occluded, the proximal por- 
tion is forced into a mass around at least a portion of the 
distal portion secondary structure. As the mass builds 
in size, it frictionally engages the surrounding vascula- 
ture wall and anchors the implant thereto. 
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Description 

The present invention relates to occlusive implants 
generally. More specifically, the invention involves oc- 
clusive implants, such as embolic coils, constructed with 
varying flow resistance characteristics to facilitate an- 
choring during hydraulic delivery. 

Endovascular therapy has been used in treating a 
variety of different conditions, including control of inter- 
nal bleeding, occlusion of blood supply to tumors, and 
relief of vessel wall pressure in the region of aneurysm. 
A variety of different embolic agents are known as ar- 
guably suitable tor such therapy. 

One known embolic agent includes injectable fluids 
or suspensions, such as microfibrillar collagen, various 
polymeric beads, and polyvinyl alcohol foam. The poly- 
meric agents may be additionally crosslinked. some- 
times in vivo, to extend the persistence of the agent at 
the desired vascular site. These agents are often intro- 
duced into the vasculature through a catheter. After 
such introduction, materials there form a solid space- 
filling mass. Although they provide good short-term va- 
so-occlusion. they are ultimately reabsorbed in the proc- 
ess of vessel recanalization. 

Polymer resins, typically cyanoacrylates. are also 
employed as injectable vaso-occlusive materials The 
resins are typically mixed with a radio-opaque contrast 
materia! or made radiopaque by the addition of tantalum 
powder. However, placement of the mixture is quite dif- 
ficult. Inadvertent embolisms in normal vasculature (due 
to the inability of controlling the destination of the pre- 
gelled resins) is not altogether uncommon The material 
is impossible to retrieve once it has been placed in the 
vasculature Such resins have not been FDA approved, 
and a waiver must be requested in each instance where 
the materials are applied during human operative pro- 
cedures 

A number of mechanical vaso-occlusive devices 
are widely used One such device is a balloon which 
may be carried to the vessel site at the end of the cath- 
eter and there inflated with a suitable' fluid, typically a 
polymerizable resin, and released from the end of the 
catheter. The balloon device has the advantage that it 
effectively fills the cross-section of the occluded vessel. 
However, when using intravascular balloon emboliza- 
tion of intracranial berry aneurysms, inflation of a bal- 
loon into the aneurysm carries some risk of aneurysm 
rupture due to possible "overfilling" of portions of the sac 
and due to the traction produced when detaching the 
balloon from the end of the catheter Moreover, a vas- 
cular balloon is difficult to retrieve after the resin within 
the balloon sets up. and the balloon cannot be easily 
visualized using radiographic techniques unless it is 
filled v/ilh contrast material. Balloons have also been 
known to rupture during filling, or release prematurely 
during filling, or leak monomeric resin into the vascula- 
ture during the period before the monomer sets up into 
polymeric form. 



Another type of mechanical vaso-occlusive device 
is a wire coii or braid which can be introduced through 
a catheter in a stretched linear form and which assumes 
an irregular shape upon discharge of the device from 

5 the end of the catheter. A variety of vaso-occlusive coils 
and braids are known. For instance. U.S. Patent 
4.994.069. to Ritchart et al.. shows a flexible preferably 
coiled, wire for use in small vessel vaso-occlusion. Un- 
like vaso-occlusive coils previously Ritchart et al. teach- 

10 es a coil which is fairly soft and is delivered to the site 
using a pusher within a catheter lumen. The Ritchart et 
at. coils are typically pushed into the desired vascular 
site in a linear configuration. Upon discharge from the 
catheter, the coil may undertake any of a number of ran- 

is dom or regular configurations designed to fill the site 
The coils are used for small vessel sites. e,g., 0,5-6 mm 
in diameter. The coils themselves are said to be be- 
tween 0.010 and 0,030 inches in diameter The length 
of the coiled wire is typically 15-20 times the diameter 

20 of the vessel to be occluded The wire used to make up 
the coils may be 0,002 to 0,006 inches in diameter 
Tungsten, platinum, and gold threads or wires are said 
to be preferred. These coils have a variety of benefits, 
including the fact that they are relatively permanent 

2S they can be easily imaged radiographically. they may be 
located at a well-defined vessel site and they can be 
retrieved. 

A variation of the mechanical endovascular coil is 
the electrolytically detached endovascular coil de- 

30 scnbed in U S, Patent 5.122.132 to Guglielmi et al. 
These coils are typically used in intracranial aneurysms 
because of their effectiveness in quickly forming con- 
trolled emboli. The disclosed coils are similar to those 
of Ritchart etal. isupra) in size and in composition, How- 

35 ever, the method of introducing the coil to the vascular 
site is somewhat different. Rather than mechanically 
thrusting the coil into the chosen site, the coil is placed 
at the site and a small voltage is applied to the guidewire 
supporting the coil so that the coil ts electrolytically de- 

-fo tached from the distal tip of the guidewire. The step of 
electrolytically detaching the coil has the added benefit 
of forming a thrombus as the coil is detached. Again, as 
noted above, the Guglielmi coils may be stainless steel 
or platinum or the like, and are typically 0 010 to 0.020 

-iS inches in diameter and are made using wire having ap- 
proximate diameters of 0 001 to 0 005 inches The coils 
in this service are typically between 1 and 50 centime- 
ters in length. 

There is a need for a liquid coil type fluid delivery 

so embolism forming device that can be delivered to a par- 
ticular site and anchored thereto. 

The present invention provides an occlusive im- 
plant device comprising an elongated member having 
an end, a portion proximal to the end. and a portion distal 

ss to the end The proximal portion is sufficiently flexible so 
that It can be folded upon itself and maintain that con- 
figuration without further restraint. At least a portion of 
the distal portion is preformed to have a first configura- 



2 



EP 0 734 697 A2 



tion when in a first state and a second configuration 
when in a second state. The distal portion second con- 
figuration has a flow resistance substantially greater 
than that of the proximal portion. With this construction, 
the proximal portion can be forced or accelerated toward 
the distal portion as the proximal portion is generally 
forced downstream to the occlusion site The flexible as- 
pect of the proximal portion facilitates its folding into a 
ball-NKe mass as it moves toward and piles against the 
distal portion. As the mass builds in size, it frictionally 
engages the surrounding vasculature wall and anchors 
the implant thereto. 

The extremely flexible proximal portion further facil- 
itates achieving very high packing densities which im- 
proves occlusion rates. The flexibility of the device also 
facilitates removal of the implant with a syringe 

According to the preferred embodiment, the implant 
is hydraulically delivered. This facilitates delivery 
through soft flow directed catheters In addition, the hy- 
draulic delivery improves delivery speed through tortu- 
ous anatomy. 

The invention will be further described by way of ex- 
ample with reference to the accompanying drawings in 
which: - 

Fig. 1 IS a diagrammatic view of a hydraulic delivery 
system for delivering an occlusive device in accordance 
with the principles of the present invention. 

Fig. 2A is a side view of an occlusion device con- 
structed according to the present invention and showing 
the device as if it were in a radially restrained state. 

Fig. 2B is a further view of the occlusion device of 
Fig. 2A showing the device in a relaxed state 

Fig. 2C is a side view of the coil of Fig. 2A with in- 
creased pitch and a thrombogenic bundle positioned 
therein. 

Fig. 3 is a side view of another embodiment of the 
occlusion device of the present invention showing the 
device in a relaxed state. 

Fig. 4 is a sectional view of a cartridge with the oc- 
clusive device of Fig. 2 positioned therein. 

Fig. 5 IS a sectional view of the catheter of Fig. 1 
showing the occlusion device of Fig. 2 prior to ejection 
therefrom. 

Fig. 6 is a further view of the catheter of Fig. 5 show- 
ing the occlusion device partially ejected. 

Fig. 7 is yet a further view of the catheter of Fig 5 
showing a later ejection stage with the occlusion device 
partially packed into an anchoring configuration. 

Fig. 5 shows the configuration of the occlusion de- 
vice of Fig. 7 anchored in position after ejection, 

Referring to the drawings in detail, wherein like nu- 
merals indicate like elements, occlusive implants or de- 
vices and preferred modes for their delivery are shown 
in accordance with the principles of the present inven- 
tion. 

The occlusive devices of the present invention gen- 
erally are extremely flexible. The flexibility facilitates 
their reconfiguration at the selected site to form an oc- 



clusion or occlusion forming mass with minimal trauma 
to the site as will be described in more detail below. 

In general, the devices are provided with a slender 
configuration for delivery to the selected site where they 

s are balled up in a relatively dense occlusion mass hav- 
ing sufficient size to frictionally engage the interior walls 
of the lumen and anchor the device thereto. In the pre- 
ferred embodiment a hydraulic system is used to both 
deliver these devices, which are difficult to mechanically 

10 pushduetotheir lack of significant column strength and 
to reconfigure them into an occlusive mass. 

Referring to Fig. 1 . a catheter apparatus for hydrau- 
lically delivering occlusive devices of the present inven- 
tion is shown. Apparatus 2 generally includes a catheter 

'5 4. an adapter or sidearm 6 occlusive device cartridge 
or introducer S and syringe 10. Sidearm 6. which is of 
conventional design for introducing fluids or apparatus 
to the catheter, fluidly couples the distal end of cartridge 
5 to the proximal end of the catheter. Syringe 10 is of 

20 conventional construction and includes a cylindrical bar- 
rel 12 and a plunger 14 that is reciprocally mounted 
therein. 

Referring to Figs. 2A and 2B an occlusive implant 
or device 20 is shown constructed according to the 

2S present invention. In the illustrative embodiment, occlu- 
sive implant 20 comprises a coit. The coil is constructed 
so that tt can assume a linear configuration (more spe- 
cifically a rectilinear configuration) as shown in Fig. 2A 
and a compound linear and helical configuration as 

^'0 shown in Fig. 2B. 

Coil 20 preferably comprises a wire thread or fila; 
ment 21 that is wound to form a primary coil structure 
having multiple windings 22 (primary windings) The coti 
generally includes a proximal portion 24 and a distal por- 
tion 26. At least a portion of distal portion 26 portion 
designated with reference numeral 27 is formed to cre- 
ate a secondary coil structure 28 Secondary coil struc- 
ture 25 has multiple windings 30 (secondary windings) 
as shown in Fig. 28 where the coil is depicted in a re- 

■^0 laxed condition. The secondary windings may be de- 
scribed as being superposed on the pnmary windings 
Although secondary coil structure 25 is shown as a 
generally uniform diameter helix, other configurations 
can be used For example a helix having a progressive- 

■^5 ly increasing or decreasing diameter from end to end 
(tapered helix) can be used In addition, a helix having 
a varying diameter in the axial direction can be used 
This includes, for example, a helix having its diameter 
progressively increase or decrease in both directions 

so away from the center region of the helix It also should 
be noted that secondary coil structure 25 can terminate 
a the distal extremity of occlusive device 20 or be 
spaced therefrom 

The generally rectilinear configuration shown in Fig 

55 2A IS used in placing the coil at the desired site for ex- 
ample by advancing it through a catheter When the coil 
is released from the catheter into the vessel, portion 27 
assumes its secondary shape so that proximal portion 
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24 can be folded and intertwined therewith to fornn a rel- 
atively dense mass for occluding a vessel or forming an 
embolism. It is important that the occlusion device is ex- 
tremely flexible so that it can be packed or folded into 
such a dense mass. The following physical characteris- 
tics have been found to provide the desired results. ■ 

The device flexibility is generally uniform through- 
out its length. The occlusive device also is constructed 
such that a one centimeter section or length of the de- 
vice deflects more than about 20* under its own weight 
when one end of the section is supported and the other 
end is free or unrestrained Most preferably that centim- 
eter deflects at least 45*. 

The flexibility can be achieved by using a wire (wire 
21 ) having a diameter of < 1 mil. in combination with a 
coil structure having minimal space between windings 
and a primary coil diameter of about 0.006 inches to 
0.015 inches. The ratio of space between windings to 
the wire diameter preferably is about 0 to 21 Thus, for 
a 1 mil diameter wire, for example, a suitable space size 
between adjacent turns is 0 00 1 inches, providing a total 
coil pitch of 0.002 inches. However since increasing the 
space between windings increases flexibility larger 
spaces can be provided when using larger diameter 
coils (generally, the smaller the diameter of the coil the 
more flexible it is) (Vlinimal space between windings is 
preferred since a coil with large spaces may generate 
thrombic reactions in the catheter which, in turn, can re- 
sult in sufficient friction to prevent effective flow of the 
occlusive device The length of the coil generally may 
be between 5 mm and cO cm. and preferably is about 5 
mm to 30 cm. 

Occlusion device 20 can be formed by wrapping or 
winding fine filament or wire 21 about a spinning man- 
drel using well-known coil-manufacturing techniques 
Filament or wire 21 preferably has a diameter 34 less 
than or equal to 1 mil as discussed above. In manufac- 
turing the coil, the winding process preferably is adjust- 
ed to produce a single-layer coil i.e.. a coil where the 
windings are close packed That is. preferably, the wind- 
ings are sufficiently close so that virtually no gap is 
formed between adjacent windings when it is placed in 
a straight, unstretched configuration (Fig. 1). The pre- 
ferred pitch is about 0.001 to 0.004 inches. In addition, 
the mandrel diameter is selected so that the outside di- 
ameter 36 of the primary windings 22 preferably will be 
in the range of about 0 006 to 0.015 inches. 

The soft, flexible coil thus produced is cut to desired 
lengths after removal from the mandrel. Portion 27 of 
distal portion 26 of each cut length is then wound around 
a larger diameter mandrel to form helical winding 25. 
The mandrel is selected so as to form a secondary hel- 
ical structure 25 including helical windings 30 with an 
outer diameter indicated with reference numeral 35. 
that is preferably about 2 to 3 times the diameter 36 of 
primary windings 22 (i.e.. about 2.0 - 3.0 mm) Proximal 
portion 24 preferably has an axial length , ) in the range 
of about 1 00-400°o. most preferably about 300-400°o of 



the axial length (^2) helical structure 25 to facilitate 
coil packing as will be described in more detail below. 
However other ratios may be used. For example, suit- 
able results have been achieved when the axial length 

5 of proximal portion 24 is about 150-300°b of the axial 
length of helical structure 28. 

After formation of the coil, its interior may be filled 
with a drug material and/or thrombogenic material such 
as a drug concentrate and its ends partially sealed for 

w slow drug release from the coil in an in vivo aqueous 
environment. The ends of the coil may be sealed by a 
water-soluble plug for storage, if so desired. The coil 
may also (or alternatively) be coated with a thrombotic 
or medicinal material. 

'5 Alternatively, an end cap 32 may be included at one 
or both ends of coil 20, Cap 32 may be a separate piece 
or a fused portion of the coil or a bit of a filled material 
such as an epoxy. The major function of the end piece 
is to prevent the coil from catching on the interior of the 

20 catheter lumen or vessel. However it is acceptable for 
devices of this size (the primary coil diameter is less than 
about 0.015 inches) to simply cut the coil ends and not 
use such an end cap. 

Occlusive device 20 (and the variations described 

^5 below) may be produced from any of a number of differ- 
ent materials. Some portion of the material preferably is 
radiopaque so that the coil and its position may be read- 
ily monitored within the human vasculature. Suitable 
materials include biocompatible metals, polymers and 

^0 alloys. For instance, biocompatible, radiopaque metals 
include silver gold, palladium, platinum, tungsten, irid- 
ium, and various stainless steels. Other alloys such as 
platinum and tungsten (preferably 92^*0 platinum and 5°o 
tungsten) are suitable and. indeed, are often most pre- 
ferred. The platinum-tungsten alloys desirably have a 
tensile strength of at least about 1 50 kpsi and. for a wire 
of a nominal O.OOr diameter have a breaking load of 
0.17 lb with a minimum elongation of 2°o measured at 
a speed of 1.0 in/min. Various biocompatible polymers 

-'O including polyethylene, polyurethane. polypropylene, 
and the like are suitable for use in these devices, but. 
because of their lack of radiopacity. must usually be 
teamed with a radiopaque marker or filled with a radio- 
paque filler to allow proper positioning of the coil within 

-5 the body. Similarly other inorganic materials such as fi- 
brous carbon are suitable and may be used in the in- 
vention. 

Although the windings shown in Fig, 2A have a gen- 
erally uniform pattern, they may be arranged in an irreg- 

so ular pattern, e.g. one with varying pitch. In addition, al- 
though implant 20 is shown as coil-type implant other 
constructions can be used. For example, a bundle 39 of 
thrombogenic fibers can be axially disposed in coil 20' 
as shown in Fig. 2C Coil 20' is the same as coil 20 with 

ss the exception that coil 20' includes bundle 39 and pref- 
erably has more space between windings to expose the 
bundle to blood and. thus, enhance the device's throm- 
bogenecity Other configurations such as those dis- 
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closed in PCT publication no. WO 94/10935 (which is 
hereby incorporated herein by reference) can be used 
as well. For example, braid can be incorporated into the 
device as shown in Fig. 3. 

Referring to Fig. 3. a combination coil-braid vaso- 
occlusive device 20" is shown according to the inven- 
tion. Device 20" includes an alternating sequence of pri- 
mary coils 40 and braid 42 and a secondary coil struc- 
ture 44. Primary and secondary coils 40 and 44 are sim- 
ilar in construction to the primary and secondary coils 
described above. Lengths of the various coils 40 and 
braids 42. which are preferably 2 mm to 20 cm in length, 
are joined together at their respective ends to form the 
device. In another variation, the braid can be woven on 
the exterior of the coil. In a further embodiment the coils 
may be formed as a double helix coil. 

Each of the variations discussed above, when pro- 
vided in the proper size range and materials, is an ex- 
tremely soft and flexible device. These devices exert lit- 
tle if any radial force on the blood vessels into which 
they are placed. The fluid-like properties of the device 
enables it to conform to the complex geometry of certain 
fragile, abnormal blood vessels, and in so doing, mini- 
mize the risk of causing trauma to or even perforation 
of those blood vessels. Such flow properties also enable 
placement of the inventive device at sites in the vascu- 
lature currently unreachable by catheterization, such as 
those within an arteriovenous malformation (AVfVI). 

As apparent from the foregoing, the occlusive im- 
plants exhibit relatively little column strength. Accord- 
ingly, they preferably are hydraulically delivered to the 
desired site as opposed to being mechanically pushed, 
A preferred cartridge for introducing an occlusive device 
of the present invention is shown in longitudinal cross- 
section in Fig 4. 

Referring to Fig. 4. cartridge 8 for introducing occlu- 
sive devices of the present invention is shown Occlu- 
sive device cartridge or introducer 5 generally includes 
a hub 50 for receiving the discharge end of a syringe, 
such as syringe 10. and flexible, elongated tubular 
member 52 for discharging the occlusive device pack- 
aged therein into the catheter. In the illustrative embod- 
iment, hub 50 is formed with first, second and third cy- 
lindrical recesses 54. 56 and 55. respectively. Recess 
54 is configured to frictionally engage the discharge end 
(not shown) of syringe 10. Recess 54 is fluidly coupled 
to smaller diameter recess 56 through tapered or conical 
region 60. and recess 56 is fluidly coupled to recess 55. 
which has a smaller diameter than recess 56 Recess 
56 may be used to contain a membrane or filter (such 
as a porous polymer type filter) for permitting the work- 
ing fluid (which preferably is a saline solution) to be dis- 
charged therethrough for impelling the occlusive device 
through the catheter while preventing the occlusive de- 
vice from backing into the hub. Such a filter is shown in 
phantom and designated with reference numeral 61 in 
Fig. 4. 

Tubular member 52 has a proximal end, which is 
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secured within hub recess 55. and a distal end adapted 
for being releasably secured within an inlet of sidearm 
6. or in the alternative, with a conventional inlet hub of 
the catheter. Tubular member 52 includes a passage 62 
5 sized to contain an occlusive device of the present in- 
vention in a linear configuration. Thus, passage 62 is 
sized to restrain the secondary structure of the occlusion 
device to a diameter essentially equal to that of the prox- 
imal section of the occlusion device 

'0 f^ore specifically, the inner diameter of passage 62 
is slightly greater than the outer diameter of the proximal 
nonpreformed portion of the occlusion device so that the 
secondary windings can expand a very small amount to 
reduce the friction between the inner wall of tubular 

15 member and section 27 of the device. This enhances 
uniform displacement of the device through the car- 
tridge (the catheter lumen is similarly sized to enhance 
discharge of the device). Although a particular introduc- 
er has been described, other introducers having varied 

^0 configurations to accommodate the needs of particular 
syringes or catheters, for example can be used as 
would be apparent to one of ordinary skill. 

f\/lerely to exemplify the operation of the invention, 
the following example in which a vaso-occlusive device 

^5 constructed according to the embodiment illustrated in 
Fig. 2 is provided, Vaso-occlusive device 20 is delivered 
through a catheter, e g.. catheter 4 to a selected vascu- 
lar site. Catheter 4 generally comprises an elongate tu- 
bular member having proximal and distal end portions 

^0 4A and 4B. The catheter is preferably between about 
50-300 cm tn length, and typically between about 
60-200 cm in length. The catheter also is designed for 
accessing a vessel site at which, for example vaso-oc- 
clusion IS desired. For example, the vessel site can be 

'^s within a small diameter vessel having 1 -5 mm lumen di- 
ameter and accessible by way of a tortuous vessel path 
which may involve sharp vessel turns and multiple ves- 
sel branches. In this case, the catheter preferably has 
a small diameter, flexible construction with a lumen di- 
ameter of less than about 0.5 mm and preferably be- 
tween about 0.5 to 0.7 mm Catheters of this type, which 
are typically used for accessing deep brain vascular 
sites, are commercially available. 

The catheter is inserted through a vessel lumen to 

-^s the site to be occluded (e.g.. a vascular malformation, 
arteriovenous fistula or mininginoma type tumor). Con- 
ventional catheter insertion and navigational proce- 
dures involving a guidewire or flow-directed means 
(such as disclosed in U S. Patent No. 5.336.205) may 

^0 be used to access the site with the catheter Thus, al- 
though not shown, catheter 4 may include a guidewire 
usable therewith to guide the distal end of the catheter 
toward the desired or selected occlusion site. 
Guidewires of this type are commercially available and 

S5 generally include an elongate wire having a tapered, 
wire-wound distal end region which is adapted to be ad- 
vanced through a tortuous vessel path, with the catheter 
being moved axially along the advanced guidewire 
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Once the distal end of the catheter is positioned at 
the selected site (its location may be deternnined by a 
coating at the distal end of the catheter with a radio- 
paque material or otherwise affixing such a material to 
the distal end of the catheter or incorporating such a ma- 
terial into the distal end of the catheter), the catheter is 
cleared. For example, if a guidewire has been used to 
position the catheter, it is withdrawn from within the cath- 
eter. 

The plunger in syringe 12. which is loaded with a 
saline solution, is slowly pushed down to displace the 
vaso-occlusion device from cartridge B down through 
catheter 4 to the injection site (Fig. 5). As the plunger 
continues to be pushed inwardly, portion 27 of distal por- 
tion 26 is discharged from the catheter where it returns 
to its secondary configuration (Fig 6). As the fluid from 
syringe 12 continues to force vaso-occlusive device 20 
from the catheter, the proximal portion is discharged 
from the catheter and piles against, around and/or in 
portion 27 in a random fashion to form an occlusive 
mass. 11 is believed that since the proximal portion of the 
vaso-occlusion device has a significantly lower flow re- 
sistance configuration than that of the secondary struc- 
ture in the distal portion, the discharge fluid accelerates 
the proximal portion through the blood toward second- 
ary windings 25 to form the occlusive mass (Figs. 7 and 
S). 

The flexibility of the proximal portion described 
above allows the proximal portion to fold over the sec- 
ondary windings 25 and remain in that position without 
the need for external forces or other restraining mech- 
anisms. The proximal portion can. however, become in- 
tertwined with secondary windings 25 and other portions 
of the proximal portion. 

As the proximal portion balls up in a dense mass, it 
expands volumetrically. fricttonally engages the inner 
walls of vessel 70 and anchors the vaso-occlusion de- 
vice in that position as shown in Fig. 5. The flexibility of 
the device allows it to ball up as desired under a hydrau- 
lic pressure of about 50 to 150 psi. Occlusive masses 
volumetrically filling about 40-75% of an imaginary 
sphere that surrounds the mass can be achieved. This 
high volume packing efficiency facilitates very high oc- 
clusion rates. 

After the vaso-occlusion device is positioned and/ 
or anchored at the desired site, additional devices may 
be injected by exchanging the empty cartridge with an- 
other loaded with another occlusion device. 

Additionally, the method of the present invention 
may include the step of introducing polymer resins, such 
as cyanoacrylate resins (particularly n-butylcyanoacr- 
ylate) to the intended site after the inventive coils 
braids, and chains are in place. That is. the inventive 
devices form a substrate for these tissue adhesives. or 
particulate embolization materials such as microparti- 
cles of polyvinyl alcohol foam, or various chemothera- 
peuiic agents. 

The above is a detailed description of particular em- 



bodiments of the invention. It is recognized that depar- 
tures from the disclosed embodiments may be made 
within the scope of the invention and that obvious mod- 
ifications will occur to a person skilled in the art. The full 
5 scope of the invention is set out in the claims that follow 
and their equivalents. Accordingly, the claims and spec- 
ification should not be construed to unduly narrow the 
full scope of protection to which the invention is entitled. 

10 

Claims 

1. An occlusive implant comprising an elongated 
member having an end. a portion proximal to said 

'5 end. and a portion distal to said end. said proximal 
portion being sufficiently flexible so that it can be 
folded upon itself and maintain that configuration 
without further restraint, at least a portion of said 
distal portion being preformed to have a first con- 

20 figuration when in a first state and a second config- 
uration when in a second state said distal portion 
second configuration having a flow resistance sub- 
stantially greater than that of said proximal portion. 

2S 2, The implant of claim 1 wherein said proximal and 
distal portions are contiguous and can be arranged 
so that the flow resistance of the elongated member 
is essentially uniform along its length. 

20 3. The implant of claim 1 or 2 wherein said proximal 
and distal portions can be arranged to have a com- 
mon longitudinal axis and diameter. 

4. The implant of claim 1 . 2 or 3 wherein said proximal 
OS portion has a generally uniform diameter along its 

length and said distal portion has a diameter when 
in Its second configuration of at least about twice 
that of satd proximal portion diameter. 

5. The implant of claim. 1 . 2. 3 or 4 wherein said prox- 
imal portion assumes a random configuration when 
generally unrestrained and subjected to fluid pres- 
sure 

•^s 6. The implant of claim 5 wherein said distal portion 
substantially maintains its preformed configuration 
when generally unrestrained and subjected to fluid 
pressure 

50 7. The implant of any one of the preceding claims 
wherein said proximal portion forms at least the 
same length as said distal portion second configu- 
ration. 

ss 8. The implant of any one of the preceding claims 
wherein said distal portion second configuration is 
generally helical. 
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9. The implant o( any one of the preceding clainns 
wherein said innplant is an embolic device 

1 0. The implant of claim 9 wherein said device compris- 
es a coil 

1 1 . The implant of claim 1 0 wherein said coil comprises 
a filament formed into multiple windings, said fila- 
ment being < 1 mil in diameter 

12. A vaso-occlusive device comprising proximal and 
distal portions said proximal portion having a flex- 
ibility that provides at least a 20% deflection from 
its own weight in a 1 cm length thereof, at least a 
portion of said distal portion having a first configu- 
ration when in a first slate and a second preformed 
configuration when in a relaxed state. 

13. The device of claim 12 wherein said proximal por- 
tion has a length that is at least about 100% the 
length of said portion of the distal portion when the 
latter is in said second state. 

14. The device of claim 1 2 or 1 3 wherein said proximal 
portion IS without a second preformed configuration 
tn Its relaxed state. 

15. An introducer cartridge comprising: 

a first portion having a passage formed there- 
through and a region adapted for coupling to a 
catheter 

an implant disposed in said passage, 
a second portion having a recess formed there- 
in and in fluid communication with said pas- 
sage, and 

a blocking member positioned in said recess 
adjacent to said passage for preventing dis- 
placement of said implant thereby. 

16. The cartridge of claim 15 wherein said blocking 
member is perforate. 

17. A vaso-occlusive device cartridge assembly com- 
prising: 



tube for coupling a fluid source to said tube 

18. The assembly of claim 17 wherein said primary re- 
gion has a flexibility that provides at least a 20°o 

s deflection from its own weight in a 1 cm length there- 
of. 

19. The assembly of claim 17 or 15 wherein said first 
region has an axial length that is at least about 

w 100% the axial length of the secondary configura- 
tion of said second region. 

20. The assembly of claim 1 7. 1 3 or 1 9 further including 
a blocking member, said tube defining a passage in 
which said device is disposed, said adapter having 
a recess formed therein and fluidly coupled to said 
passage, and said blocking member being posi- 
tioned in said recess adjacent to said passage and 
sized for preventing displacement of said device 
thereby 

21. The assembly of claim 20 wherein said blocking 
member is perforate. 

22. The assembly of claim 20 or 21 wherein said block- 
ing member comprises a filter. 
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a vaso-occlusive device having first and sec- 
ond regions, said first region having a primary 
preformed configuration, and said second re- 
gion having primary and secondary preformed 
configurations, said secondary configuration 
having a flow resistance substantially greater 
than both of said primary configurations: 
a tube that surrounds and restrains said device 
in a generally linear configuration, said tube ^= 
having a proximal end to which said first region 
is adjacent and a distal end: and 
an adapter coupled to said proximal end of said 
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Fig. 3 
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Fig. 8 
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